The progress of clinical medicine has been considerably aided in the past few decades by the increased number of laboratory tests available and the improvement in their specificity and accuracy. Nevertheless, the reliability of analytical results from clinical laboratories has been questioned by many individuals, and several independent surveys have more than justified the suspicion (Belk and Sunderman, 1947; Shuey and Cebel, 1949) .
In these surveys blame has been placed on poor supervision of personnel, poorly trained and insufficient personnel, poor equipment, poor choice of methods available, and so on. The vast majority of clinical chemical analyses are and probably will continue to be performed by, and supervised by, people not trained as chemists. In such cases laboratory staff follow methods in the so-called "cook-book" fashion with only sparse knowledge of the chemistry involved. Faced with this problem, it becomes the job of the clinical chemist to outline procedures in detail so as to make them as fool-proof as possible.
It is the purpose of this paper to discuss the importance of running routine standards with clinical chemical analyses, the types of standards that can be employed, and the treatment of the data accumulated so as to give reasonable assurance that the results being obtained are within a known permissible error. By such means the laboratory can strengthen the reliability of its results and the faith of the physician in them.
The Use of Standards Photometric analyses make up the bulk of quantitative clinical chemical analyses. The chemist considers the running of frequent standards with photometric or spectrophotometric analyses rou- tine, but in the clinical laboratory this has seldom been true since the advent of the photocolorix meter. " Precalibrated " photometers are widely advertised to-day with the implication that the tests need not be standardized by the buyer. The acceptance of such precalibrations cannot be too severely condemned. By relying on precalibrations errors can occur as a result of making or buying new reagents, the deterioration or contamination of old reagents, the use of incorrect light filters, changes in the characteristics of the photometer itself, etc. Standardizing each test when a new instrument is obtained is not enough, since the same errors can and do develop subsequent to the standardization. Assuming the necessity of running standards, there is the question of how frequently they should be run. Ideally they should be run with every set of determinations, or once a day (Archibald, 1950) . Some have advocated running them twice a week (Levey and Jennings, 1950 Archibald (1950) and by Levey and Jennings (1950) Fiske and Subbarow (1925) , the standard usually employed is monopotassium phosphate in trichloracetic acid. The trichloracetic acid used for making the protein-free filtrate of the serum sample, however, is not the same trichloracetic acid present in the standard solution. Contamination of this reagent or the water used in the unknown in conjunction with trichloracetic acid would be missed unless a blank were run. In fact, single-distilled water on occasion can contain significant amounts of phosphate and ammonia.
It is suggested, further, that where the absorption of a reagent blank is low, reagent blanks, standards, and unknowns all should be read versus distilled water set at 100% transmission. In this way they are always read against a blank of fixed optical density.
Definitions of Accuracy, Precision, and Reliability
Before discussing the problems of replication of standards and unknowns and the ways of handling data, it is best to define the terms accuracy, precision, and reliability as commonly used to-day in the statistical approach.
Accuracy The control of precision requires more serious consideration. For example, if a report on a blood glucose concentration is N40 mg.%, it is important that the clinicians have reasonable assuredness that the true value by the method used is not 110 or 170 mg.%. "Reasonable assuredness" is commonly defined in statistical analyses as " 95% confidence," i.e. the value can be reported with a range limit on each side, within which range the true value, by the method used, will be found 95 times out of 100.
More rigorous "confidence limits" can, of course, be used. If it is found for the glucose determination used in our example that the confidence limits are + 10% of the observed value, then the clinician can be given the " reasonable assurance" in the form 140 mg.% ± 10%, or 140 mg. % ± 14 mg. %. Ideally each report should be accompanied by some indication of its precision, although routine reporting of clinical chemical determinations with confidence limits is probably impracticable. It is important, however, that laboratories and clinicians become aware of them and think in terms of them.
The precision, i.e. confidence limits, of an analytical procedure can be determined by several methods. The most obvious is to run numerous replicates, say 30, of a sample and analyse mathematically the dispersion of results obtained. Such an analysis will be considered in detail in the subsequent section on control charts. Although this solution of the problem is valid, it is not very practicable in the routine operation of most clinical laboratories. A much simpler approach merely requires running routine unknowns in duplicate at least until about 30 duplicate analyses are accumulated. The duplication must be complete, i.e., through the entire procedure. The difference between each pair, the range R, is calculated and the arithmetic average or mean of the ranges, R, is calculated. The magnitude of the confidence limit on each side of a single observation is then estimated by multiplying R by 2.65.* Table I shows the calculation of the confidence limit in the determination of glucose, using only 10 pairs. What has been said for unknown samples also holds to a certain extent for standards. Reagent blanks present the same problem, but in a much attenuated form. In the vast majority of cases the light absorption by the reagent blanks is very small compared with that absorbed by the standard and unknown, so that even a rather large relative error in the reagent blank would not often materially alter the correction factor of the blank. It is an entirely different matter if the reagent blank absorption is relatively high. As previously stated, the frequent running of reagent blanks is usually for the purpose of checking the reagents for contamination,
Control Charts
After a test has been set up and standardized and periodic standards run to check on the procedure, the simplest way to keep track of these results is merely to note them in a notebook reserved for the purpose. As expected, the results will vary from day to day, and if one value is suddenly greatly out of line suspicion will be aroused. There is a simple way, however, to treat these check data as they accumulate which has the advantage of telling the analyst at a glance how much the checks can vary before suspicion is warranted and action indicated. The use of the quality control chart will frequently predict trouble before it actually happens (Mitchell, 1947; Wernimont, 1946) .
There are numerous ways in which these charts can be set up, but only a few of the simplest will be discussed, because they will serve the purpose admirably in the clinical laboratory.
Type I. The confidence limits are drawn above and below the line drawn for the x equal to a distance of 3a. If all goes well for many more determinations, say a total of 100, the x and s can be re-evaluated. It will be noted that if the variation of determinations about their mean represented the so-called "normal " or Gaussian distribution (symmetrical bell-shaped distribution), the 95 % confidence limits would be represented by + 2a. It has been emphasized, however, that distributions of this type are frequently not of the "normals" type (Mitchell, 1947; Clancey, 1947) . Clancey (1947) analysed the variation of many chemical analyses and found the Gaussian distribution to hold in a minority of cases. There are always two dangers when using control charts: (1) looking for trouble that does not exist, and (2) not looking for trouble that does exist. Thus, the use of 3a as compared to 2a may reduce the number of times that we look for trouble when it does exist, and may increase the number of times that trouble exists and we do not look for it. Taking these points into consideration, and especially when there is no a priori knowledge of the nature of the distribution, it is believed that the best compromise, and certainly the safest, is to associate "reasonable assuredness" with confidence limits of + 3a (Simon, 1941; Mitchell, 1947) (Wernimont, 1946) . The mean of each pair and the differences between each pair (the range, or R) are plotted as in Fig. 2 Fig. 3 .
There is no practical way, and in many*cases it is impossible, to be sure that the result of any * * one determination is correct even with the running * * 0 of standards and blanks. The procedures outlined here, however, will tell in many cases the accuracy to be expected by a procedure, the precision in all cases, and the reliability as indicated by quality control charts.
There are other factors of importance in setting e up determinations which are outside the scope of * . this paper and have received adequate treatment .
elsewhere (Archibald, 1950; Ayres, 1949 
